In 4th generation LTE (Long Term Evolution) and LTE-Advanced networks, there are 9 types of services, which have different service priorities and generated traffics. Depending on the combination of services with different priorities, about 200 radio admission control schemes could be developed. However, international standards have no recommendations for the construction and analysis of methods for such schemes. Thereby, a need for admission control schemes development and selecting the most effective ones arises. The article proposes a scheme based on the bit rate degradation of non-real time services in proportion to the individual thresholds chosen in accordance with the network or consumer devices characteristics. A complex approach for analysing the model performance measuresblocking probability, mean data transfer time -is proposed. It is based on queuing theory via the development of a Markov model of the admission control scheme and on verifying the obtained results via simulation allowing arbitrary arrival process and file sizes. The results obtained in this paper could be used by mobile operators for 4th and 5th generation network planning to evaluate the quality of service level.
INTRODUCTION
Telecommunication companies from different countries are currently making the transition to the next stage of mobile communication development, namely, the transition to 4th generation (4G) mobile networks (Cisco Systems 2014) , which allow to transfer data at rates exceeding 100 Mbps for mobile users (speed of motion is 10 km/h to 120 km/h) and 1 Gbps for stationary users (speed of motion is up to 10 km/h). However, according to Cisco Systems analysts (Cisco Systems 2014) by 2018 only 15% of all consumer devices will be capable of supporting 4G communication standards, while the volume of traffic generated in 4G networks will have exceeded 50% of the total traffic generated in mobile networks. LTE-Advanced technology that underlies 4G networks allows increasing the bit rate and efficiency of data transfer, reducing operators' costs, and improving the quality of service (QoS). In accordance with the recommendations (TS 36.300, TS 23.401, TS 23.203) of 3GPP consortium (3rd Generation Partnership Project), which standardizes LTE networks, 9 types of services are specified in LTE networks (Table 1) . The services differ from each other in priority level and requirements for QoS expressed as constraints on the delay and data bit rate. All services are divided into two types depending on the network resource requirements: services with guaranteed bit rate (GBR), i.e. real-time services, e.g., voice or video telephony, real time gaming; services without guaranteed bit rate (non-GBR), e.g., e-mail, web browsing, interactive games. Increasing or decreasing bit rate from the minimum value (GBR) to the maximum one (maximum bit rate, MBR) does not affect the value of mean data transfer time for GBR services. While varying bit rate results in changing the mean data transfer time for Non-GBR services. One of the most important and actual problems in the planning and development of LTE networks is the optimal configuration of a radio access network including optimal radio resource management which includes the following tasks: radio bearer control, radio admission control (RAC), connection mobility control, dynamic resource allocation, and inter-cell interference coordination. One of the tasks is RAC the main purpose of which is to form RAC schemes while taking into account the limited frequency range of mobile networks and different requirements for QoS parameters. for nonprivileged subscribers
Simulation and mathematical modelling are used for research and analysis of RAC schemes. Mathematical teletraffic and queuing theories are the instruments of mathematical modelling (Basharin et al. 2013) , (Basharin et al. 2009 ). In accordance with the mathematical teletraffic theory, GBR services generate streaming traffic (Gudkova and Plaksina 2010) characterized by a fixed bit rate and transfer time, non-GBR services generate elastic traffic which is characterized by a fixed file size and variable transfer time.
To ensure the required QoS, mobile operators need to develop various RAC schemes (Qian et al. 2009 ), (Khabazian et al. 2012) , (Chowdhury et al. 2013) , (Gudkova and Samouylov 2012) , (Samouylov and Gudkova 2013) , (Borodakiy et al. 2014 ) and choose the most effective ones. Due to the fact that the proportion of data (non-GBR) traffic is a sufficiently large part of the total traffic generated by different services (Cisco Systems 2014) , in this article we propose a model of RAC scheme with two non-GBR services generating elastic traffic. Mathematical and simulation modelling is performed for analysing model performance measures. Note that the file fransfer bit rate depends not only on the technical characteristics of the base station and radio access network, but also on the characteristics of consumer devices resulting in different values of MBR (the so-called individual thresholds of bit rate) (Bonald and Virtamo 2005) . However, unlike the previously known teletraffic theory models with the discriminatory processor sharing (DPS) (Yashkov 1992) , for this model a threshold of the maximum number of transferred files is introduced , which is necessary to guarantee data transfer time. Our RAC scheme is constructed in the way that in case of the network congestion the bit rate reduction is carried out in proportion to individual thresholds of bit rates, i.e. service degradation, which is also called partial preemption, takes place (Khabazian et al. 2012 ). The paper is organized as follows. We propose a functional model of the LTE network cell with individual thresholds of the file transfer bit rate and a threshold of the number of transferred files. Then, we propose a corresponding mathematical model with the assumption of the exponential distribution of file sizes and Poisson arrival process. We propose a simulation model of the described RAC scheme which takes into account arbitrary arrival process and file sizes. We analyse the model performance measures such as blocking probability adnd mean data transfer time.
OBJECT TO SIMULATE
We consider the LTE network cell with a total capacity C Mpbs and two types of files. 
When k -type file arrives three situations are possible: -if the file finds the cell having greater than or equal to k d Mbps free, then the file will be accepted at bit rate k d Mbps; -if the file finds the cell having less than k d Mbps free and number of transferred files less than N , then the file will be accepted at bit rate
-otherwise the file will be blocked without any aftereffect on the corresponding Poisson process arrival rate. We explain the principle of the file bit rate degradation mechanism proportional to the individual thresholds by an example (Figure 1 ). Let be 7 C  Mpbs, 6 N  , 1 3 d  Mpbs, and 2 2 d  Mpbs. We assume that one first type file and one second type file are transferred at MBR at the initial moment of time 0 t in the system, i.e. 1 1 n  and 2 1 n  , and then 5 out of 7 Mbps are occupied. At the time 1 t , a second type file arrives and since the number of free Mbps is 2, the file is accepted at MBR after that the number of free Mbps is 0, and the number of transferred files is 1 2 3 n n   . Sometime later, at 2 t one more second type file arrives, it is accepted as the number of files does not exceed N , but it cannot be transferred at MBR and the bit rate degradation mechanism is applied. This degradation is performed in accordance with degradation factor   
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MATHEMATICAL MODEL
Thus, the RAC scheme with individual thresholds of file transfer bit rates and a threshold control has been described in the previous section. Further the simulation modelling will be held but beforehand we are going to construct a mathematical model on the assumption that arrival process are Poisson and file sizes are exponentially distributed. The process representing the system states is described by the systems of equilibrium equations (2) 
Having found the probability distribution   1 2 , p n n one could compute performance measures of model, which have been defined above, namely: -blocking probability   It could be simply proved that the process representing the system states is not a reversible Markov process and it is possible to determine the system probability distribution and the performance measures only by means of numerical methods for solving systems of equilibrium equations.
SIMULATION TOOL
Thereby, the mathematical model given in the previous section describes the system we are going to simulate but it has two simplifications: the first one is the Poisson arriving process and the second one is exponential file sizes. To enhance the capabilities of our complex we use a simulation tool that considers various laws of the arriving process and file sizes as well. Simulation tool is a discrete event simulator written in JavaScript. Figure 2 illustrates the simulation tool classes as well as basic steps of the simulation algorithm. The simulation model consists of the following classes: simulator, cell, and file (see Figure 2 .A). Each of them has fixed and variable attributes. Fixed attributes are equal to the model parameters whereas variable attributes are changing during the simulation process. Namely, dynamic changing of the number of files results in the corresponding changing of the degradation factor. The more files are in the cell, the less the degradation factor is. This degradation factor varying influences on the files transfer conditions, therefore, the current bit rates, remaining file sizes, and estimated time of file transfer completion.
The main element of the event-driven simulation tool is the queue of events containing the information about the file arrivals (Figure 2 .C) and file transfer completions (Figure 2.D) . At the initial moment of time (Figure 2 .B), two files -of the first and second typesare generated and then they enter the queue. Their current bit rates are initially set to be MBR. Then the cycle selecting from the queue the event with minimum time.
NUMERICAL EXAMPLE
To carry out the numerical analysis we assume the Cisco Systems's global mobile data traffic forecast for 2015-2018. According to the forecast, in 2015 the data traffic will reach 38% of the total mobile traffic and by 2018 this value will have been equal to 25%. Our numerical experiment does not consider the overall peak cell bit rate (100 Mbps) and deals with the part of it which corresponds to data traffic ( Figure 3 ilistrates blocking probability (A), mean degradation factor (B), and mean data transfer times (C and D) . The results show that mathematical model could be used to calculate the upper bound of blocking probability and mean degradation factor and the lower bound of mean data transfer time for the Pareto distributed file sizes. 
CONCLUSIONS
In this paper, we addressed an admission control problem for a multi-service LTE radio network, namely we presented a multi-rate model with two types of files and a complex approach for analysing it performance measures. The RAC scheme is based on the quality degradation proportionally to the individual thresholds of bit rates. We propose the mathematical model with the Poisson arriving process and exponential file size and simulation tool with arbitrary distributions. Results show that performance measures calculated by simulation are reasonably close to the analytical ones, but they also remain slightly lower due to the increasing influence of the realistic LTE performance factors not captured by the current analysis. The results of numerical analysis can be used for planning standards for 5G wireless cellular networks. They can be used for developing software that is responsible for radio resources management, namely for developing RAC schemes. 
